Following weaning at 24 f 1 d of age, crossbred boars were subjected to removal of the cranial cervical ganglia (GX, n = 8) or sham surgery (SHAM, n = 8). At 213 f 1 d of age, a catheter was inserted into a jugular vein or vena cava, and all boars were housed in environmentally controlled rooms at 22'C with an equatorial photoperiod. After 2 wk of exposure to this photic environment, samples of plasma and serum were collected at hourly intervals for 24 h. The plasma was assayed for adrenocorticotropic hormone (ACTH) and the serum was assayed for cortisol and melatonin by RIA. The time-trends for all three hormones were described by regression models, which were tested for heterogeneity of regression between SHAM and GX treatments. The circadian rhythm of cortisol in serum was similar for SHAM and GX treatments. The profiles of ACTH were also similar between the two treatments, but circadian changes in concentrations of ACTH paralleling those of cortisol were not evident in either treatment. Overall, concentrations of ACTH were reduced (P = .06) for GX boars compared to SHAM boars. The time-trends of melatonin in serum differed (P < .001) for GX and SHAM treatments, with a nocturnal rise in melatonin evident in some SHAM boars but not in GX animals. Four SHAM boars had profiles of melatonin that obviously entrained to the lightdark cycle. None of the boars in GX treatment had elevated concentrations of melatonin in serum during the dark period, relative to concentrations during the light. In summary, the circadian rhythm of cortisol persisted following cranial sympathectomy of pigs, even though concentrations of ACTH were reduced by this treatment. One-half of the S H A M boars had circadian rhythms of melatonin, with concentrations in serum that were elevated throughout the entire dark period. o(ey Words: Circadian Rhythm, Corticotropin, Hydrocortisone, Melatonin, Pigs.)
Introduction
The pineal gland of most domestic ungulates secretes melatonin in a circadian fashion, such that serum concentrations of melatonin are elevated during the dark hours of the daily lightdark cycle (reviewed by Kennaway, 1984) . In contrast, concentrations of melatonin in serum (McConnell and Ellendorff, 1987; Minton et al., 1989) or the pineal gland (Reiter et al., 1987) of pigs are not elevated during the dark hours upon exposure to either long (16 h light124 h) or short (8 h light/24 h) photoperiods. In contrast, three of five sows housed in an equatorial photoperiod (12 h light124 h) had nocturnal elevations in melatonin (McConnell and JUendorfF, 1987) .
Because secretion of melatonin from the pineal is dependent on intact sympathetic innervation to the gland, denervation by bilateral removal of the cranial sympathetic 4277 ganglia abolishes the nocturnal increase in serum melatonin poster et al., 1985) . We employed this approach in the current experiment to evaluate further the circadian secretion of melatonin in boars housed in an equatorial photoperiod. In addition, we characterized the well-documented circadian secretion of cortisol . (Bottoms et al., 1972; Spencer, 1979; Rafai and Fodor 1980; Barnett et al., 1981; Becker et al., 1985; Minton et al., 1989) to confirm the integrity of the circadian system in ganglionectomized boars because the circadian rhythm of cortisol is entrained by the photoperiod in pigs (Minton et al., 1989 ) and other animals (Meier, 1975) . Finally, adrenocorticotropic hormone (ACTH) was measured because information relative to the circadian secretion of ACTH in domestic pigs is limited, and a rhythm of AClM that parallels that of cortisol throughout the day has not been demonstrated unequivocally (Klemcke et al., 1989) .
Materials and Methods

General.
Following weaning at 24 k 1 d of age. July-born littermate boars (from eight litters) were ganglionectomized (GX; n = 8) or were treated with sham surgery (SHAM; n = 8). Details of the surgery and associated physiological characteristics of GX boars are given in the Appendix. Following GX or S H A M surgery, pigs were housed in an environmentally controlled nursery until 56 f 1 d of age and then were moved to another indoor facility until 112 f 1 d of age. While the animals were housed indoors, the artificial photoperiod was not controlled, but it corresponded roughly to the work day of the farm personnel (about 9 h). From 112 d of age until the onset of housing in controlled photoperiod at 213 f 1 d of age, boars were housed outdoors in a single dirt lot.
At 213 d of age, venous catheters were inserted (Takken and Williams, 1981) ; boars were tethered in environmentally controlled rooms at 22'C. The movement of animals from outdoors to indoors occurred in February when the duration from sunrise to sunset was 10.9 h at Manhattan, KS (39' 12' north latitude). Timers controlled fluorescent lights so that they were on between 0600 and 1800 (202 f 15 lux). During the time when the lights were off, dim, red, 7-watt incandescent lamps were illuminated automatically and provided 7 f 2 lux. This level of illumination aided in collection of blood during the dark, but it did not affect the nocturnal rise in melatonin in ewes (Bittman et al., 1983a) .
Two weeks elapsed between the time the animals received catheters (and were exposed to the experimental photoperiod) and the time blood was obtained for hormonal analysis. During this time, catheters were checked at least twice daily. Boars were fed daily in a single meal, but care was taken to avoid feeding and routine cleaning of the animal facility at the same time on consecutive days.
Endocrine Endpoints. Samples of plasma and serum were obtained at hourly intervals for 24 h beginning at the time of lights-on (0600). Samples were frozen at -2O'C until plasma was assayed for ACTH (detailed below) and serum was assayed for cortisol (Newton et al., 1987) and melatonin (Minton et al., 1989) . The intra-assay and interassay C Y and limit of detection for the cortisol and melatonin assays were 18.0%, 4.9% and 3.44 pgfassay tube and 18.4%, 2.6% and 1.21 pg/ assay tube, respectively.
The FUA for ACTH in porcine plasma was identical to that described for ovine plasma in our laboratory (Minton and Blecha, 1990) . To validate the assay in porcine plasma, serial dilutions of a pool of plasma obtained from barrows at exsanguination displaced [lzsy1-hAC3T-I from the antibody to produce a binding curve that paralleled the standard curve (P e .05), and pACI'H added to porcine plasma was recovered quantitatively in the assay (average percentage accuracy of 104.7).
All samples were evaluated in two assays with an intra-assay CV of 5.8%. The interassay CV for the samples from the current study could not be calculated because the assays were inadvertently run using different control pools of plasma. However, samples of porcine plasma from other studies that were assayed subsequently had a interassay CV of 9.0%.
Analyses of Datu. Data obtained for melatonin and ACTH were fit to polynomial equations, and data for cortisol were fit to cosine functions using the General Linear Models procedure of SAS (1982), treating time as a continuous independent variable. Statistical models used to describe the time-trends for all hormones in SHAM and GX animals were tested for heterogeneity of regression, using a general method for comparison of models (Millken and Johnson, 1984) .
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Results and Dlscusslon
Profiles of cortisol were parallel for SHAM and GX boars (Figure 1) . In general, concentrations of cortisol increased during the period when lights were off and remained elevated during the morning after lights came on. Then, cortisol decreased gradually to reach low concentrations late in the period of light and immediately after lights-off. These profiles of cortisol were similar in pattern to those we have observed previously for mature boars (Miiton et al., 1989) and corroborate the presence of a circadian rhythm of cortisol documented in domestic swine (Bottoms et al., 1972; Spencer, 1979; Rafai and Fodor, 1980; Bamett et al., 1981; Becker et al., 1985) .
The rhythm of cortisol was evaluated because its phase is entrained by the photoperiod in pigs (Mjnton et al., 1989). The pattern of melatonin secretion provides cues for daylength (Bittman et al., 1983b) and receptors for melatonin reside in the suprachiasmatic nuclei (Weaver et al., 1989) , the putative site of generation of the circadian rhythm of glucocorticoids (Moore and Eichler, 1972) . Therefore, it was anticipated that GX might disrupt this source of information, which, in turn, could affect the rhythm of cortisol. Data from the current experiment clearly demonstrate that the rhythm of cortisol was essentially identical for SHAM and GX boars, indicating that cranial sympathetic input is not requisite to expression of the circadian rhythm of cortisol. The time-trends for concentrations of ACTH in plasma are illustrated in Figure 2 . Although the profiles across the 24-h period were parallel for S H A M and GX boars, the concentrations of ACTH were reduced (P = .06) for GX boars. Notably, the shape of the plotted plasma concentrations of A m were not similar to those for serum cortisol.
Beyond the data presented in this paper, we are aware of only one other determination of the circadian variation of ACI'H in swine (Klemcke et al., 1989) . In that study, a rhythm of ACI'H in young barrows that more obviously followed the rhythm of cortisol was suggested from samples collected every 6 h. The discrepancy between our data and the report of Klemcke et al. (1989) suggests that changes in secretion of ACI'H may occur in pigs with advancing age and(or) gonadal status. However, the failure for ACTH to show a circadian pattern of change in our current study with mature boars could be explained in a number of other ways. First, ACTH is known to be released in a pulsatile fashion (Engler et al., 1989 ) and has a half-life of only about 1 min in sheep (Jones et al., 1975) . Although pulsatile discharge and the half-life of ACTH have not been estimated in pigs, it still could be argued reasonably that our sampling inter- val of 1 h may have been too infrequent to 1%8). Yet, no circadian change in ACTH was accurately detect diurnal changes in the boars noted in dogs, even with very frequent in this study. We feel this is not likely, because sampling (Kemppainen and Sartin, 1984 ACT3 measured by assay systems may not affect adrenal function. This explanation also seems unlikely, because the plasma profiles of immunologically and biologically active ACl'H generally were parallel (Krieger and Allen, 1975; Engeland et al., 1989) . We favor the view that a diurnal variation in the sensitivity of the adrenal to ACTH might explain the circadian changes in serum cortisol in the absence of notable changes in A m .
Such daily changes in sensitivity to ACI'H are known to occur in rats and are consistent with the variations in circulating corticosteroids @allman et al., 1978).
Concentrations of ACI'H were consistently reduced in GX boars relative to their SHAM controls. To our knowledge, this is the first report documenting an association between concentrations of ACTH in plasma and cranial sympathectomy. This observation points to altered secretion of ACT3 in response to GX. The underlying mechanism of such a relationship is not readily apparent but may reflect an interaction of autonomic control with other known reflex modulators of ACIX (Gann et al., 1981) . Our data suggest an involvement of the cranial sympathetic nervous system in the neuroendocrine regulation of ACT3 secretion. Further, our observation that cortisol was similar between GX and S H A M treatments even though ACTH was reduced in GX boars suggested that there may be considerable redundancy between concentration of ACTH and secretion of cortisol. This observation is consistent with the relatively low correlation between plasma concentrations of ACTH and cortisol reported for pigs (Klemcke et al., 1989) . The profiles of melatonin across the 24-h bleeding period differed for SHAM and GX boars (P < .001), likely reflecting the modest nocturnal rise evident in S H A M boars, but not in GX animals. Whereas this result of GX is generally consistent with what would be expected (Foster et al., 1985) . the profiles of melatonin illustrated in Figure 3 Whereas the repeatability of the circadian rhythm of melatonin on consecutive days is documented for sheep (Ravault and Thimonier, 1988) , the consistency of the pattern of melatonin secretion in pigs on consecutive days remains to be evaluated. The secretory characteristics of melatonin in domestic pigs present an interesting contrast to those in other animals in which concentrations of melatonin in plasma or the pineal gland have been determined. First, melatonin apparently is not secreted in a circadian fashion in long and short photoperiods in pigs (McConne11 and Ellendorff, 1987; Reiter et al., 1987; Minton et al., 1989) , as is true with virtually all other animals studied to date. Second, pigs may secrete melatonin in a circadian fashion &e., with a nocturnal increase) only when the lengths of the light and dark periods are nearly equal (McConnell and Ellendorff, 1987 and the current study). But, even then, only about half the animals appear to have their melatonin rhythms entrained to the photoperiod.
Implications
Cranial sympathectomy in the pig did not alter the circadian rhythm of cortisol. Further, the rhythm of cortisol occurs in the absence of notable circadian fluctuations in ACEI, and GX results in generally reduced concentrations of ACTH in plasma. Some pigs appear to have a nocturnal increase in melatonin when housed in an equatorial photoperiod. The nocturnal increase in serum melatonin lasts throughout the period of darkness and is eliminated by GX, but it is expressed in only about one-half of the animals.
consisted of a small length of sympathetic trunk and the attached cranial cervical ganglion. This procedure was performed bilaterally. For SHAM animals, the same procedure was followed, except for clamping the cervical sympathetic trunk and removing the ganglion.
The closure was routine and consisted of suturing the left and right sternohyoideus muscles on the midline and suturing the skin incision.
Confirmation of Cranial Sympathectomy. Every specimen that was removed was stained with hematoxylineosin and examined under light microscopy. Without fail, all specimens had structures typical of a motor ganglion with multipolar nerve cell bodies. The only other ganglion in the surgical field that could possibly have been identified as the cranial cervical ganglion was the distal ganglion of the vagus, but it was easily differentiated grossly. In addition, the distal ganglion is a sensory ganglion composed of unipolar nerve cell bodies, which, if present, would have been detected histologically.
Following recovery from anesthesia, the GX animals were easily separated from SHAM animals by the appearance of the eyes. Homer's syndrome in domestic animals, due to abolishment of sympathetic innervation to the head, is usually described as consisting of some or all of the following characteristics:
miosis, enophthalmos, ptosis of the upper eyelid and protrusion of the third eyelid (deLahunta, 1983). Homer's syndrome in swine is not well characterized, but in cattle, sheep, and goats, the most consistent signs are hyperthermia of the affected area and upper eyelid ptosis. The miosis and third eyelid protrusion are reported to be subtle (deLahunta, 1983). In the GX boars in the current study, the most obvious signs included upper eyelid ptosis, "puffhess" of the upper and lower eyelids, third eyelid protrusion, and conjunctival vessel congestion. More subtle, but common features included moderate hyperthermia of the eyelids and sometimes a visible hyperemia of the eyelids. No miosis was evident in these animals compared to SHAM pigs. Apparently, under normal physiological conditions, the pupillary size of the pig is principally under the control of parasympathetics.
